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For this project, you will display CW RPG counts as a three-digit number at the righthand edge of the LCD display.  Change the bargraph display so that the leftmost LED simply blinks on and off repeatedly, with a period of one second.  If during the execution of your code this LED stops blinking, you have a quick indicator that a bug is preventing the CPU from executing this mainline code.

Serial Peripheral Interface
The PIC16C74A microcontroller has 33 possible I/O pins.  Even with this large number, our target system needs more.  The PIC includes a shift register interface that can be used to expand to any number of I/O pins at a cost of the addition of external shift registers and a decrease in access time of an order of magnitude.  The LCD display makes good use of this facility, gaining the eight pins it needs for the transfer of each ASCII character to be displayed (as well as a few control codes).  As discussed in the text, your initialization must include code to initialize the SPI (serial peripheral interface).  Referring first to Figure 7-2 and then to the target system schematic, and finally to the initialization code already in place, we see that TRISC is already correctly initialized to make outputs of the SCK and SDO pins (bits 3 and 5 = 0). Likewise TRISA is already correctly initialized to make outputs of PORTA=s bits 5 and 4 which drive the LCD display=s AE@ and ARS@ pins.  However, you need to initialize SSPCON to H00110000 to select the SPI mode.  This also selects the proper polarity for the SPI=s output clock edges so that each serial bit will be in place at the input to the external shift register at the moment that its clock input sees a rising edge.  Note that SSPCON has a bank 0 location, so insert the code to initialize SSPCON among the other instructions in the Initial subroutine where the RP0 bit has been cleared.  

Each output transfer of a byte from the W register requires the following code sequence:

bcf

PIR1,SSPIF
;Clear SPI flag

movwf

SSPBUF
;Copy W to SPI

SPI_wait


btfss

PIR1,SSPIF
;Wait for transfer to be completed

goto

SPI_wait

LCD Display Initialization
The LCD display needs to be initialized.  Actually, what is being initialized is the Hitachi microcontroller mounted on the back of the little printed circuit board holding the LCD display.  The code of Figure 7-8 consists of two parts.  The LCDinit_Table subroutine needs to be copied exactly as shown there into the ATable subroutines@ section of your code.  This will insure that it is located in the first 256 instruction addresses, a necessary step for it to operate correctly when it is called.  The InitLCD subroutine must be called from within the Initial subroutine after the initialization of the SSPCON register has taken place.  The InitLCD subroutine itself is probably most clearly identified if it is located between the Initial subroutine and the Brightness subroutine.  This subroutine, as shown in Figure 7-7, is almost entirely what we want for our target system board.  It is only necessary to make the changes which result because our target system connects the LCD=s AE@ and ARS@ pins to PORTA=s bits 5 and 4 respectively.

RPGSTR string
To display a variable three-digit number on the LCD display, we need to create a five-byte string in RAM, as discussed in Section 8.5 of the text.  To do this, insert the following line in the AVariables@ section of your code, anywhere between the  cblock   and the endc   assembler directives.

RPGSTR:5

The Acolon five@ part of this line says to reserve five bytes, beginning with the one labeled RPGSTR.  The Microchip assembler will let us address each of these bytes as RPGSTR, RPGSTR+1, RPGSTR+2, RPGSTR+3, and RPGSTR+4.

The DisplayV subroutine defined in the text will expect this string to take the following form:

Content of RPGSTR


= 
H8D   (cursor-positioning code)

Content of RPGSTR+1

=
ASCII code for hundreds digit

Content of RPGSTR+2

=
ASCII code for tens digit

Content of RPGSTR+3

=
ASCII code for units digit

Content of RPGSTR+4

=
H00   (end-of-string designator)

Initialize the first and last bytes in the Initial subroutine, to H8D and H00.  Initialize the remaining bytes to H30 (the ASCII code for zero).

RPG_Count Subroutine
For Project Three, you created an RPG_Count subroutine which manipulated  NUMCOUNT to update the bargraph=s BCD display.  Modify this subroutine to increment the three digits of RPGSTR appropriately for each decrement of NUMCOUNT.  That is, first increment RPGSTR+3.  If the result does not equal H3A (i.e., ten), then you are done.  Otherwise, reset it to H00 and increment RPGSTR+2.  Etc.

DisplayV Subroutine
This subroutine, described at the bottom of page 153, will be used as follows.  Whenever the RPG_Count subroutine changes RPGSTR string, execute the following instructions:

MOVLF
RPGSTR,FSR

;Set pointer to access string indirectly

call

DisplayV

This will send the three-digit number out to the rightmost three positions on the LCD display. 

Write the code for this subroutine to carry out the steps listed at the bottom of page 153.  The order of steps 3 and 4 should be such that the retrieved byte is checked for zero and the resulting action taken before FSR is incremented (since incrementing FSR first will change the Z flag value which resulted when the byte was retrieved). Remember to set and clear bits 5 and 4 of PORTA to change the LCD display=s AE@ and ARS@ pins.

Blink Subroutine
This mainline code subroutine is to blink the leftmost segment of the bargraph on and off with a period of one second.  Introduce a new variable called BLNKCNT and initialize it to 50.  Then each time around the mainline loop call the Blink subroutine.  This subroutine is to decrement BLNKCNT.  Unless the result is zero, simply return from the subroutine.  If the result is zero, then reload BLNKCNT with 50 and toggle the leftmost bit of the bargraph display.  Note that it will take one-half of a second to traverse the mainline loop fifty times.

Incidently, all of the bits of PORTD and PORTE should be initialized to zero.  
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